Purpose: Associated injuries (AIs) are hypothesized to be frequent in geriatric zygomatico-orbital (ZMO) fractures. The study aim was to determine the relation between ZMO fractures and AIs in geriatric patients compared with younger adult patients.
Zygomatico-orbital (ZMO) fractures are frequent. In a 2012 multicenter study, ZMO fractures were identified as the second most common type of facial injury (24.0%) in European populations. 1 In publications focusing on ZMO fractures needing surgical intervention, such fractures are most frequently reported in younger adult patients (20 to 50 years old; 58.6 to 76.1%), and their injuries are commonly caused by assault (19.0 to 46.6%). [2] [3] [4] [5] However, according to studies focusing on geriatric facial trauma, ZMO fractures also are among the most common facial fractures in the elderly (31.1 to 40.3%). 6, 7 In addition to their high frequency, associated injuries (AIs) are frequent in patients diagnosed with facial fractures. The rate of intracranial injuries, in particular, increases with increasing age, 8 and their frequency varies from 18.8 to 51.4%. 9, 10 Of the different types of brain injury, an association between ZMO fractures and subdural hematomas (SDHs) has been identified in the literature, 11 and brain injury frequencies of up to 61.0 to 67.0% have been reported in patients diagnosed with ZMO fractures. 12, 13 The literature has clearly focused on the need for surgical intervention in ZMO fractures, and the authors are not aware of comparative publications focusing on the relation between AIs and ZMO fractures in geriatric patients with facial trauma.
The purpose of the present study was to investigate AIs in geriatric patients with ZMO fractures. The specific aims were to clarify the occurrence of, risk factors for, and types of AI in geriatric patients with ZMO fractures and to compare the occurrence of and types of AI between geriatric patients and younger adult patients (controls). The hypotheses were that AIs are frequent and severe in geriatric patients and that they occur more frequently in geriatric patients than in younger adult patients.
Patients and Methods

STUDY DESIGN
To address the aims, a case-and-control study was designed and performed. The study included geriatric patients at least 65 years old and younger adult patients 20 to 30 years old (controls) who had been diagnosed with a unilateral ZMO fracture during the 7-year period from January 1, 2010 through December 31, 2016. The cutoff age for the geriatric group was set at 65 years to cover all potentially frail elderly patients. Patients with any other facial fracture, except an adjuvant fracture of the coronoid process, were excluded.
STUDY VARIABLES
The main exposure was age (ie, geriatric vs younger adult patients).
The primary outcome variable was AI outside the face (present vs absent). This was defined as any other major injury outside the facial region, excluding brain concussions, wounds, and other superficial soft tissue injuries. The precise AI sites were recorded and further classified according to the affected organ system: 1) brain, 2) neck (excluding cervical spine), 3) spine, 4) extremities, 5) chest, and 6) abdomen.
The secondary outcome variables were the severity of AI outside the face, ocular injuries (present vs absent), restricted mandibular opening (present vs absent), and zygomatic prominence asymmetry (present vs absent). The severity of AI outside the face was classified as multiple AIs (ie, patients who had $2 different AIs outside the face), polytrauma (involvement of $2 organ systems and $1 life-threatening injury), and mortality during hospitalization.
The predictor variables were gender, trauma mechanism, type of ZMO fracture, and ZMO fracture dislocation (present vs absent). The type of ZMO fracture was classified as 1) tripod ZMO fracture (consisting of the lateral orbit, inferior orbit, anterior and posterior maxillary wall, and zygomatic arch), 2) isolated arch fracture (consisting of only the zygomatic arch), and 3) ZMO fracture without arch involvement. The trauma mechanism was classified into 8 groups: 1) ground-level fall, 2) bicycle accident, 3) motor vehicle accident (MVA), 4) fall from height, 5) assault, 6) struck by a blunt object, 7) unknown, and 8) sportsrelated injuries.
COMPUTED TOMOGRAPHIC ANALYSIS
All patients underwent computed tomography (CT) using multidetector CT scanners (GE Healthcare, Milwaukee, WI) with a bone algorithm. The data were reformatted into 1.0-, 1.5-, or 2.0-mm-thick axial, coronal, and sagittal images. The CT images were retrospectively viewed independently by 2 of the authors (M.T. and S.A.). The features assessed included the type of ZMO fracture and presence or absence of dislocation. In the event of disagreement, a final diagnosis was reached by consensus reading.
DATA ANALYSIS
The c 2 tests were performed to examine the statistical relevance of the differences between the primary predictor (age group) and all other predictors and outcomes and between the main outcome and the predictors. Risk ratios with 95% confidential intervals (CIs) were calculated to examine the risk of outcome variables and the primary predictor. Logistic regression analysis was performed to study associations between the presence of brain injury and the primary predictor (age group), gender, and the absence of fracture dislocation and results were expressed as odds ratios and 95% CIs, separately and then adjusted for each other.
ETHICAL CONSIDERATIONS
The internal review board of the Division of Musculoskeletal Surgery of the Helsinki University Hospital (Helsinki, Finland) approved the study. Patient consent was not required because of the retrospective nature of the study.
Results
In total, 161 patients were identified for the present study (geriatric group, n = 93; control group, n = 68). Table 1 presents the association between gender, trauma mechanism, type of ZMO fracture, presence of dislocation, and age group. Men were more frequent in the control group than in the geriatric group (P < .001). Assault was more frequent in the control group (P < .001), whereas a ground-level fall was more frequent in the geriatric group (P < .001). Fracture dislocation was significantly more often absent in the geriatric group than in the control group (P = .004). Table 2 presents the association between gender, trauma mechanism, type of ZMO fracture, ZMO dislocation, and AI outside the face. Significant predictors for AIs were MVA, fall from a height, and absence of fracture dislocation (P < .001). Table 3 presents the association between outcome variables and predictor variables. AIs outside the face in general (P < .001) and brain injuries in particular (P < .001) were significantly more frequent in the geriatric group than in the control group. The absence of restricted mouth opening and the absence of zygomatic prominence asymmetry were significantly more frequent in the geriatric group (P < .001). Table 4 presents the 2 Â 2 risk analysis between the absence of fracture dislocation, presence and severity 
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of AIs outside the face, ocular injuries, and primary predictors. The geriatric group had a significantly higher risk of AI outside the face (P < .001), brain injury (P = .003), and absence of dislocation (P = .003). The calculated risks for AI outside the face, brain injury, and absence of dislocation were 2.9, 5.8, and 3.4, respectively.
The logistic regression analysis with 95% CIs for the presence of brain injury is presented in Table 5 . In bivariate analyses, the geriatric group had a 7.5-fold higher risk of brain injuries compared with the younger control group (P < .001). When adjusted for gender and the presence of fracture dislocation, the risk of brain injury was 5.3-fold higher and the difference remained significant (P = .012). The absence of fracture dislocation caused a 2.5-fold higher risk of brain injuries when adjusted and compared with the presence of fracture dislocation (P = .046). Table 6 presents the anatomic AI sites outside the face in the geriatric and control groups in more detail. The commonest AI in the geriatric group was an upper limb fracture (14 of 93 patients), whereas the most frequent AI in the control group was a lower limb fracture (5 of 68). Brain injuries diagnosed in the geriatric group consisted of SDH (13 of 93), subarachnoidal hematoma (10 of 93), brain contusion (7 of 93), intraparenchymal hematoma (3 of 93), and epidural hematoma (2 of 93).
Discussion
The purpose of the present study was to investigate AIs in geriatric patients with ZMO fractures. The specific aims were to clarify the occurrence of, risk factors for, and types of AI in geriatric patients with ZMO fractures and to compare the occurrence and types of AI between geriatric patients and younger adult patients. The hypotheses were that AIs are frequent and severe in geriatric patients and that they occur more frequently in geriatric patients than in younger adult patients.
The hypotheses were confirmed. AIs outside the face in general (P < .001), and brain injuries in particular (P < .001), were significantly more frequent in the geriatric group than in the younger control group. The geriatric group had a 2.9-fold higher risk of AI outside the face in general and a 5.8-fold higher risk of brain injury compared with the control group. The absence of fracture dislocation was associated with a 2.5-fold higher risk of brain injury.
Brain injuries are common in patients with facial trauma; their occurrence varies from 9.9 to 34.0% among all patients with facial trauma and from 18.8 to 53.9% among geriatric patients with facial trauma. [8] [9] [10] 14 The present results underline the significant relation and the risk of brain injuries associated with ZMO fractures in geriatric patients (25.8%) compared with younger adult patients (4.4%; P < .001). The frequency of non-concussive brain trauma in geriatric patients has been explained by the increased usage of anticoagulation and antiplatelet therapy 15 ; however, another notable factor is that a sudden head impact combined with age-related brain atrophy predisposes the elderly to sudden brain movement, resulting in a venous tear and particularly in a high frequency of subarachnoidal hematomas in geriatric patients. 16 According to the results of the present study, SDH was diagnosed as the most common type of brain injury in the geriatric group (14.0%); the corresponding rate for the control group was 0.0%.
The results of the present study showed that 59.5% of AIs outside the face were diagnosed in the absence of fracture dislocation. In logistic regression analysis, the absence of ZMO fracture dislocation caused a statistically relevant 2.5-fold higher risk for the presence of brain injury compared with the presence of dislocation and adjusted for age, gender, and dislocation. This is an important finding of the study, which has not been reported previously.
In addition to the absence of radiologic fracture dislocation, the present results analogously showed that restricted mouth opening and zygomatic buttress asymmetry were absent from the clinical status significantly more frequently in the geriatric group than in the control group (P < .001). Despite the analogy between clinical and radiologic status, the large discrepancy in the registration of clinical asymmetry raises concern over potential underdiagnosis, which has far too commonly been observed, for instance, in trauma triage settings. [17] [18] [19] To avoid underdiagnosis, clinicians also need to be mindful of geriatric facial trauma.
A drawback of this study is its retrospective nature, because a prospective follow-up would have provided the possibility of recognizing milder brain trauma without radiologic findings. The strength of this study is its ability to establish a relation between isolated ZMO fractures and brain injuries in geriatric patients.
Geriatric patients with ZMO fractures have an increased odds ratio of AIs in general and brain injuries in particular. Clinicians should actively exclude brain injuries in geriatric patients, even in those cases in which no dislocation of the zygoma is clinically present. The re-evaluation of triage parameters in geriatric facial trauma is recommended. 
